The application of high-content analysis in the study of targeted particulate delivery systems for intracellular drug delivery to alveolar macrophages.
With an ever increasing number of particulate drug delivery systems being developed for the intracellular delivery of therapeutics a robust high-throughput method for studying particle-cell interactions is urgently required. Current methods used for analyzing particle-cell interaction include spectrofluorimetry, flow cytometry, and fluorescence/confocal microscopy, but these methods are not high throughput and provide only limited data on the specific number of particles delivered intracellularly to the target cell. The work herein presents an automated high-throughput method to analyze microparticulate drug delivery system (DDS) uptake byalveolar macrophages. Poly(lactic-co-glycolic acid) (PLGA) microparticles were prepared in a range of sizes using a solvent evaporation method. A human monocyte cell line (THP-1) was differentiated into macrophage like cells using phorbol 12-myristate 13-acetate (PMA), and cells were treated with microparticles for 1 h and studied using confocal laser scanning microscopy (CLSM), spectrofluorimetry and a high-content analysis (HCA). PLGA microparticles within the size range of 0.8-2.1 μm were found to be optimal for macrophage targeting (p < 0.05). Uptake studies carried out at 37 °C and 4 °C indicated that microparticles were internalized in an energy dependent manner. To improve particle uptake, a range of opsonic coatings were assessed. Coating PLGA particles with gelatin and ovalbumin was found to significantly increase particle uptake from 2.75 ± 0.98 particles per cell for particles coated with gelatin. Opsonic coating also significantly increased particle internalization into primary human alveolar macrophages (p < 0.01) with a 1.7-fold increase in uptake from 4.19 ± 0.48 for uncoated to 7.53 ± 0.88 particles per cell for coated particles. In comparison to techniques such as spectrofluorimetry and CLSM, HCA provides both qualitative and quantitative data on the influence of carrier design on cell targeting that can be gathered in a high-throughput format and therefore has great potential in the screening of intracellularly targeted DDS.